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ABSTRACT

The upgraded \VAR-SM  type (Russian design) Budapest Research Reactor using 36%
enriched uranium senes bot research and practicall appkcations. As a by-product of te
experimentalim et ods used in te fie B oftie neutron activation ana bsis a unique opportunity arose
for benchmarking te neutron physicalaboritms against measurement. The wo dimensionall
MULTICELL. tansport code was &sted against foil actiMty measurement and Mont Carb
cakuhtions. The com parison indicakd te need of tree-dimensionaltreatm enteven in case of
cakukting bcallspecttum charackristics. The applcation of tie few-group spectrum cakuked
wit te DIF3D diffusion code im proved tie accuracy oftie cakulbkd reaction rak ratios.

INTRODUCTION

The reconstruckd and upgraded VAR-SM type research reacor in Budapest began it
regu br operation in Novem ber 199 3. Besides im proved reactor safety te power of te Budapest
Research Reactor was increased © 10 MW . The m axim um achievab B term allneutron flix is about
2.510" em %7,

The reactor senwes for basic and appled research (condensed m atker, radiochem istry,
bio bgica lirradiations, reactor €chno bgy), ®chno bgicalland com m ercialapp kcations (production
of radioisotopes, neutron radiography, activation anabsis, pressure \esse Isur\ei lnce) furterm ore
education and training: (undergraduats, PhD student, IAEA training courses, pub llc inform ation).

TH E BUDAPEST RESEARCH REACTOR

The BudapestResearch Reactor is a poo Mype reactor, m oderatd and coolld by lgh tw atkr.
The fue Bis com posed of 36% enriched uranium and alim inium . The clbd is made of alim inum .



The fue Be Imen® contain wo concentric cy Indrica lfue Ip ks and a surrounding hexagonallone
(see Hagure 1).

The fue Be Iment®, te contro Brods,
te inner irradiation channel and
bery Bum disp keers are arranged
in a hexagona l kttice wit 3.5 cm
fuel with clad pitth. lIrradiations may be carried
out by inserting sam pls into more
t an 40 specia\erticallch anne I and
water six Thix taps wit \arious
geom etricalland spectra lparam e€rs.
The reactor has 10 horizontallbeam

Figure 1 twbes (8 radial and 2 tangentiall
WR- SM fuel geonetry ones). The core is enchbsed wit
so Id *Be reflicor.

unit cell boundary

lattice pitch = 3.5 cm

T™E FOILACTIMTY MEASUREMENTS

A unique opportunity arose for benchmarking te neutron physical aboritms against
measurement a a by-productoftie experimentalimet ods used in te fie B of neutron activation
analsis.

Since it introduction in 1976 [1], te use ofzirconium has received wide inkrestm aink in
abso e neutron activation ana bsis. Som e ofte outtanding ch arackristics ofzirconium :

- When measuring Fe/Fei lix ratios te 7 r-°Z r pair gives beter precision tan any otier m onitor
com bination due © te hrgestknow n difference in re Ivantlo/So ratios.
- Due 0 te bw termalland epiterm alneutron absorption cross sections tin foill require no
neutron se Ishie Bing corrections t us considered © be infinie ¥ di bie.

For m onitoring e fastflix te (n,p) reaction oftie *Ni isotope was se Bced. The neutron
capture in "°Lu and *’Au was uti lzed aton ¥ ®w m easuring positions.

The reaction raks oftie fo Bbwing m easured reactions were used in te com parison:
T, L, T e(n,?Y 2 r/"Nb |, PNi(n,p)°Co , "Lu(n,?)"Lu and *Au(n,?)*Au .

The monitors in te form offoill and wires were p beced int 23 inner irradiation channe I at
five axiallpositions and 2 irradiation channe B were used in te bery Bum reflicor. Afier a 12 hour
irradiation te se Bckd ganma Enes oftie induced isotopes were measured wit te he b of Ge-Li
gam m a-ray spectrometrs. On te basis of the measured peak areas, te detctbor efficiency and
caku kting t e isotopic chains during irradiation, coo Ing and m easurem ent, te reaction rats ofte
monitor isobopes can be evaliakd. As te abowe reaction raks were measured at te same
positions, e measured and caku kkd reaction rak ratios can be com pared exen on te e lofte
m u ligroup MULTICELL cakuktions. The abso bie valies of te reaction raks corresponding ©
tie reactor power are com parab # on ¥ by using detailld 3D caku ktions for te whol} core.

TH E KARATE MULTICELL.CODE



The MULTICELL code which is intgratd into te KARATE program sysem uses te
m u lice Mco lkion probabi iy metod [2] which has been appled for hexagonall htfices [3]. The
m u ligroup cakuktions are performed in 35 epitermalland 35 term allgroups on te basis ofa
cross section bbrary generatd fron te ENDF/B-IVVfik. For te cakubtion oftie shie Med cross
sections of U, **U and *’Pu te equivalince teory is used [4] or an ullra fine energy group
transportmetod is appled. In te termalgroups e Dopp Br broadening of “Pu is cakulked ,
te shie Bing efleck are tken into accountexp kcith. To getm u lice BCP's which pertain © te it
region ofte A"t ce litype, tie folbwing assum ptions are m ade: The distribution oftie incom ing
neutrons on te boundary of tie ce M is isotropic and can be made smoot (i.e. te neutron
exchange betveen te cc B can be cakulked from teir contactratios). For te cakultion of te
b ke colkion probabi kies of te individuall ce M te cyIndrization can be used.The flix
distribution is cakulked using te CP equations of te MGCP program . The B-1 equations are
so Led optional¥ © ke intb accountte Bakage in asym ptotic approxim ation. The code caku s
te transm utation of fue Bregions, 10O.

The MULTICELL. code has been dewe bped original for cakulkiing \VAVER fuel
assemb les. Itwas estd againstmeasurem en® performed on ZR-6 htfices [5]. As te VAR-SM
fue le Iment® are radically differentfrom te VAER ce B, tere is a need 1 assess te adequacy of
te MULTICELL code for tis new situation. The accuracy of te MULTICELL code for te
research reactor has been €std by com paratinve Mont Car b caku ktions.

MONTE CARLO CALCULATIONS

The Mont Carb cakultions were made by te MCNP4A code [6] The power
distributions and te reaction rats were taken from criticalty cakuktions. To achieve te desired
accuracy, in case oftie power distribution aboutone milon, in te case oftie reaction raks about
foureen m i Mon neutron histories were used. The Hrge num ber of neutron histories in te second
case was necessary because oftie sharp resonances in tie (n,?) cross sections of*°Z r and *Z r, and
ittook aboutone week on an IBM RISC 6000 machine. For te sake oftie consisentcom parison
wit te MULTICELL cakultions, te cross sections for “Z r,”Z r,*Ni and "°Lu were derived
fron ENDF/B-M by te NDY code and te cross sections for allte oter matriall were tken
from ENDF/B-1\Vbased MCNP4A Boraries. For tie same reason te outrm osthexagonallshe Mof
tie fue le Ementw as rep keed by a cy Indrica lone.

F\e diferentconfigurations were investigatd by te MCNP4A 1 com pare te resulk wit
MULTICELL cakultions. In tese configurations te fue le Bment, absorber rods, watr holks
and te monitor were positioned int a hexagonallarray and tis array was bounded by a hexagon
wit horizontallp hnes on top and botiom . Reflictinve boundary conditions were prescribed on each
boundary p Bnes. Kirrand te power distributions were cakulbied for alkbe cases. The
investigatd configurations are as fo lbws:

Case 1: An absorber rod in te centre surrounded by 18 fue ke Imen®.
Case 2: An absorber rod in te centre surrounded by 36 fue ke Iment®.
Case 3: An absorber rod in te centre surrounded by 30 fue le Ement and by 6 wakr holks



phced wit 30° symmetry am ong tie fue ke Iment.
Case 4: A monitor ce lin te centre surrounded by 30 fue le Bment and by 6 wakr holls
pheed wit 30° symmetry among te fueBeBment. The reaction raks in te
monitor wire were allo cakulkkd in case 4 and 5.
Case 5: Sim i Br © configuration No. 4, butsurrounded by a Byer of cc B filld wit °Be.
The 30° sector of tese configurations witt te MCNP4A power distributions and te
MU LTICE LL re Btive deMations[%] can be seen in FHgures 2-6. The app led notations:
U :Fuelccll
MO :Monibrce il
WA : Ce Hcontaining w ater and absorber rod guide tube
AB :Celwit insered absorber rod
BE : Ce Hcontaining bery lum
The Him ostce Bis te centre oftie considered configuration. The botiom and te righ tside
symmetry Ineshalle te ce l.
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Hgure 6 Re ktive power, case 5

The typicallre ktine error oftie power density fron M CNP4A in te 1stcase is 0.005, in te 2nd
case is 0.01 and itis 0.001 for te Bst3 cases. The maximum devation fron te reference
M CNP4A re Bitine power is obsened in case 3, near te stong ¥ absorbing B«C rod wit 2.5 cm
dianetr. The reason of te diflerence is probab ¥ te applcation of te fht flix approxim ation
abng te periphery ofte cy Indrized ce B for tis wide Htfice pitch.

The resulk ofte kinf cakuktions are summ arized and com pared wit MULTICELL in
Tab B 1. The re htine errors (one standard deviation divided by te mean) ofte MCNP4A resu
are shownparall lwit te cakulbed \valies ofte m ullip keation facbor.

configuration k MCNP4A k MULTICELL Ak %
1 1.2330 0.0009 1.2128 -1.7
2 1.4577 0.0008 1.4450 -0.9
3 1.3783 0.0006 1.3659 -0.9
4 1.5389 0.0001 1.5527 + 0.9
5 1.5987 0.0001 1.6048 + 0.4
Tab B 1

Com parison ofk inf valies

The MULTICELL kinf valles exceptte 1stextreme ¥ rodded case seem 1 be satisfactory.
The reaction raks are norm allzed by te *Ni(n,p) reaction, which has te Bwestre htive
error. The reaction rak ratios for configuration 4 are ginen in Tab B 2 .



Reaction M CNP4A MU LTICELL th %
“7r(n,?) 0.878 0.01 0.732 -17
“7r(n,?) 5.93 0.05 5.183 -13
YLu(n,?) 40401. 0.005 33956. -16
Tab B2
Reaction rat ratios , case 4
The sam e data for configuration 5 can be found in Tab § 3.
Reaction M CNP4A MU LTICE LL th %
“7r(n,?) 1.001 0.01 0.780 -22
“7r(n,?) 6.525 0.05 5.415 -17
Lun,?) 47723. 0.005 37647. 21

Tab B 3
Reaction rat ratios , case 5

The MULTICELL reaction rats normalzed by te ®Ni(n,p) reaction show sysem atic
underprediction com pared © te MCNP4A resulk. The cause of tie diflerence is not obvous.
According © te expectations, norm allzing by any of te isotopes indicakd in te tbls, te
high estdeviations do notexceed 6% for albutte *Ni isotope, where e overprediction is about
20%. From now on we normallze wit te *Zr(n,?) reaction rak which is avaibb} at alte
m easured positions.

COMPARING TH E MULTICELLL.CALCULATIONSWITH TH E MEASUREMENTS

Seneral 2D cakubtions hawe been made wit te MULTICELL code © sinubke te
m easured reaction rak ratios. The geometry of cakukting te reaction raks for te monitor atte
WAR-SM position No. 408 can be seen in Hgure 7. The new notations:
FT :Fhx tap (bree adpining water ce B)
BD :BeryBum disp keer (ce Mcontaining bery Bum and w atr)
As te MULTICELL code uses periodic boundary condition atsym metry Ones which halle
te peripheralice M, te cc M atte opposit sides oftie outrm ostring are identical
The measured and cakulikd reaction raks norm alzed wit te **Z r(n,?) reaction can be
found in &b Bs 4-6 for positions 312, 408 and 342. The dry irradiation channe Batposition 312 has
ahard spectrum whill in positions 342 and 408 which are atte edge and atte corner oftie core
tie spectrum is much sofer.



o | %
=S|
| T | +
XX
S| n | ®
RN
R
o ]+
&
51 8| 3
S8
=S| HdH | ©
H—M_M
AR
= | A |
=
-
o
=
Sls
Ela|a
| ol o
s
S
>
8
AIE:
S| n
- | ©
~| ~
S| 2|,
BlE|E
o | Z2 | ~
x |§ |g

Tab 14
Reaction rat ratios , position 312
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Hgure 7 Map for te reaction rak caku btions atposition No. 408



Reaction Measurem ent MU LTICELLLM-DIR3D 7tk [%]

*Ni(n,p) 0.3995 0.011 0.3511 0.415 -12.1 + 3.9
“7r(n,?) 3.471 0.019 4.193 3.577 +20.8 + 3.0
Tab B 5. Reaction rat ratios , position 408

Reaction Measurem ent MU LTICELLLM-DIR3D ?rk [%]
*Ni(n,p) 0.6188 0.006 0.5213 0.5967 -15.7 -3.6
“7r(n,?) 4.387 0.008 4502 4.181 + 2.6 -4.7
YLu(n,?) 56819 . 0.006 64307. 64282. +13.2+ 13.1
“TAu(n,?) 2537. 0.005 2611. 2519. +29 -0.7

Tab B 6. Reaction rat ratios , position 342

Studying Tab Bs 4-6, one can notobsene te same €ndency seen atte com parative Mong
Carb cakuktions. Som e m et odic cakultions were allo carried outt c hrify te drawbacks © te
currentprocedure.

a, MULTICELL.is a 2D code, so can notrepresentaxiallphenom ena, e.g. partia ¥ insered
contro Brods. The eflectofrod insertion in te second neigh bourhood ofthe m onitor resulk in 4%
diference in te reaction rak ratio of*°Z r/' r.

b, Because oftie Umitd number of e M, te cakulbkd domain is smalir tan te whol
core. The abowe reaction rak ratio is sensitive © te changes in te conentofte outrmostring in
te MULTICELL geom etry. The devation is about4-7%.

The eflect of tie above two sympoms is comparabl © te obsened differences.
Fortunak ¥ te monitor ce Maveraged few -group constant of foill rem ain near¥ untouched, so a
3D diffusion cakulktion oftie whol reactor was prom ising. The cakultion was carried outusing
te we Bknown DIR3D code [7] in 7 energy groups. The reaction rat ratios were exallakd wit
te specttum of DIF3D atte positions of measurement. The resulk can be seen in Tab Bs 4-6.
Wit tis metod drawbacks a, and b, were rem o\ed, te cakulid reaction rak ratios are in beter
agreementwit te measurements.

SUMMARY AND CONCLUSIONS

The accuracy oftte KARATE MULTICELL code for te \AR-SM type research reactor
was estd by comparative Mont Carb cakultions. Some discrepancies were obsened in te
cakubkd reaction rak ratios of m onitor foil. Com paring MULTICELL resulk © measurement®
does notshow te same €ndency, butdemMations occur in rough ¥ te sane range. Some met odic
draw backs oftie app ked procedure hawe been en lighened. 3D diffusion metod was app led ewen
for te cakulktion of tie reaction rak ratios. This procedure gives beter agreementwit te
measurem ent.
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